The transoral-transclival surgical approach is the most direct operative approach to pathology ventral to the brain stem and superior spinal cord. In selected patients, this approach is efficacious in the treatment of extradural compressive lesions from the cervicomeduUary junction to the C-4 vertebra.
A
VARIETY of pathological processes can result in ventral compression of the brain stem and rostral spinal cord. When the offending pathology is at the level of the inferior clivus, at the cervicomedullary junction, or ventral to the spinal cord at the first three cervical vertebrae, the transoral approach represents an efficacious, direct method for surgical decompression. 1-4.6-8,1 [-17,19,21-24,26 The most common application of the procedure has been for resection of the odontoid process for basilar invagination due to rheumatoid disease, congenital deformities of the axis/ skull base, or chronic traumatic dislocations of the dens. 1-3, l 1, 14, 15, 19, [21] [22] [23] [24] [25] Extradural tumor masses have also been resected via the transoral approach with good results. 3, 4, 8, 11, 16, 17 Recent refinements in surgical techniques and intraoperative retraction have facilitated these procedures and low morbidity and mortality rates can be achieved. 3' 14"2~' 22"24 Despite these advances, the procedure has not been widely accepted or employed. Infection and cerebrospinal fluid (CSF) fistulae remain major concerns among surgeons who consider using the approach.3'6'll '21'22"26 This report presents our experience with specific methods of intraoperative retraction, microsurgical techniques, and a dural patch-repair technique which helped make this a safe and effective neurosurgical procedure in 53 consecutive cases.
Clinical Material and Methods

Patient Population
Over the 10 years from 1978 to 1988, 53 patients were treated via the transoral-transclival operative approach for ventral extradural brain-stem or rostral cord compression. Patients treated via the transoral approach for intradural pathology were excluded from this review. The hospital records, outpatient physician records, and radiographic studies of all 53 patients were reviewed. Each case was characterized by age, sex, type of pathology, neurological findings, treatment administered, and outcome. Fifty-one (96%) of the 53 cases were followed for a median duration of 24 months (range 6 to 74 months).
Surgical Technique
After intubation with a flexible reinforced oral endotracheaI tube, the patient is positioned in the supine position on the operating room table. The patient's head is secured in a Mayfield fixation device, with the head and neck slightly extended unless a halo-vest FIG. 1. Left: Lateral view of the McGarver retractor and the nostril4o-soft palate red-rubber catheter retractors. Right: Operative exposure (after the oral cavity has been prepared for surgery) demonstrating combination retraction as described.
immobilization device has been applied prior to surgery. Patients with cervical kyphosis and flexion deformities should not be hyperextended; in these patients, a slight Trendelenburg position will assist in the exposure of the cephalad extreme of the operative incision. The surgeon works seated from above the patient's head. A self-retaining McGarver three-ring retractor is inserted, which spreads the upper and lower jaw widely apart and displaces the tongue and endotracheal tube caudally. Two small red-rubber catheters are inserted through the patient's nostrils into the oropharynx and are sutured to the uvula with a 2-0 silk suture. The uvula and soft palate are retracted into the nasopharynx by placing traction on the two rubber catheters and tying them to the McGarver retraction apparatus. This combination of retraction affords a wide operative exposure of the posterior pharyngeal wall and obviates the need for a tracheostomy (Fig. 1) . 2~ 1,14,20-23 The patient's mouth and oropharynx are prepared with iodine solution, the patient is draped, and the operating microscope with a 300-mm lens is brought into position. The assistant works from the operating surgeon's right and assists with irrigation and suctioning. The tubercle of the atlas can be palpated through the posterior pharyngeal wall and is used as a landmark. A lateral intraoperative radiograph or intraoperative lluoroscopy can be used to confirm localization in difficult cases.
A longitudinal midline incision is made in the posterior pharyngeal mucosa using the Shaw hemostatic scalpel* which allows a bloodless opening (Fig. 2) . For odontoid pathology, the incision is made directly over the tubercle of the atlas and extended approximately 3.0 cm inferiofly. For pathology at the lower clivus, a more cephalad incision is required, extending upward FIG. 2. Midline posterior pharyngeal incision. The surgeon works from above the patient's head. The reinforced endotracheal tube is visualized at the top of the photograph; the retracted soft palate and uvula are seen inferiorly.
through the posterior pharyngeal wall of the nasopharynx. On occasion, if the clivus cannot be explored with this exposure, the soft palate is cut in the midline starting on one side of the uvula. The incision may be carried back to the hard palate to increase the operative exposure. The muscles and soft tissues of the posterior pharynx are incised along the midline down to the periosteum overlying the atlas and axis. A small periosteal elevator is used to dissect these tissues laterally off the anterior surface of the vertebrae. The C1-2 and C2-3 interspaces may be identified by means of intraoperative radiography. A spring-loaded retractor holds the tissues laterally.
A Midas Rex high-speed drillt with a small cutting * Shaw hemostatic scalpel manufactured by Oximetrix, Inc., Mountain View, California.
t High-speed drill manufactured by Midas Rex, Fort Worth, Texas. burr (AM-8 bit) is used to perform the bone dissection, either superiorly through the inferior ridge of the tubercle of the atlas (and on occasion the inferior clivus) or inferiorly through the bodies of C-2 or C-3. The depth of bone dissection can be assessed by direct inspection (dissecting down to the posterior longitudinal ligament), by intraoperative radiography or fluoroscopy while a dissection tool is in the operative site, or by placing contrast material into the resection cavity and obtaining lateral radiographs (Fig. 3) and occasionally anteroposterior cervical radiographs. The latter technique allows the most accurate estimates of the depth and width of bone removal. A fine diamond tip burr (A-9 bit) is used to resect the remaining cortical bone layer to expose the posterior longitudinal ligament (the dura at the clivus level). The tip of the odontoid is grasped with a rongeur, elevated away from the brain stem and spinal cord, and dissected free from its ligamentous attachments with straight and angled microcurettes.
When this procedure is performed for odontoid resection, the posterior longitudinal ligament is incised and resected if it is thick and calcified or if it does not bulge into the operative cavity following removal of the odontoid. Patients with basilar invagination from rheumatoid arthritis typically have considerable nonosseous reactive granulation tissue (rheumatoid pannus) around the odontoid process which contributes to ventral cervicomedullary compression. This tissue must be excised. The dura mater then assumes a more normal position, a change that can be documented radiographically when contrast material is placed into the resection cavity.
For tumor removal between C-3 and the clivus, this approach allows an extensive anterior exposure for excision or biopsy. With the use of microneurosurgical techniques, nine extradural tumors (three metastatic neoplasms, two chondromas, and four chordomas) have been resected without operative morbidity or mortality. One patient with collapse of C-3 from metastatic tumor required tumor removal followed by an anterior C2-4 autologous iliac crest bone graft fusion through the same operative approach. She was operated on while in a halo vest. This was accomplished without difficulty at the same operation but required that the anesthesiologist go beneath the drapes to release the halo ring from the posterior struts and place on-line traction for distraction. The halo vest was reapplied immediately postoperatively.
After odontoid resection or tumor excision/debulking, the entire wound is irrigated with antibiotic solution and a single-layer closure of the posterior pharyngeal tissues is performed. The deep muscle layers, the superficial muscle layers, and the posterior pharyngeal mucosa are approximated with multiple interrupted 3-0 Vicryl absorbable sutures. This is a modification of our previous technique. In the past we attempted to close three separate layers --the deep muscle, superficial muscle, and the mucosa --but we found that interrupted, deep, three-layer sutures were just as effective. There have been three instances of wound dehiscence among 53 patients, none of them since we changed to the interrupted-suture closure technique.
If the integrity of the dura mater has been violated, then a lumbar drain is inserted postoperatively. Hypotension is maintained with continuous CSF drainage for 3 to 4 days postoperatively to facilitate a watertight wound closure and to avoid a CSF fistula. In two patients a large dural tear was repaired with a fascia patch and fibrin-thrombin glue.~ In one patient this was accomplished at the same procedure; in the other a second operation was required.
Somatosensory cortical evoked responses and brainstem auditory evoked potentials were recorded throughout each of these procedures. Computerized display screens are utilized intraoperatively to observe the minute-to-minute recordings. A hard copy of these responses can be generated for comparison to pre-and/ or postoperative studies.
FIG. 3.
Lateral intraoperative x-ray film revealing the extent of dissection at C2-4 outlined by contrast agent placed into the operative site.
Results
Twenty-five of the 53 patients in this series were male; 28 were female. The median age of the group was 54 years (range 2 to 89 years). Forty-four patients presented with cervicomedullary compression due to odontoid pathology (Table 1) . Of these 44 patients, 21 had basilar invagination with brain-stem compression due to severe rheumatoid disease, 15 had congenital anomalies of the skull base-C 1-2 complex with resultant cervicomedullary junction compression by the odontoid process, seven presented with chronic traumatic odontoid fracture with persistent posterior dens dislocation, and one had a bullet in the extradural tumor mass (two chondromas, four chordomas, and $ Glue manufactured by Immuno AG, Vienna, Austria. three metastatic neoplasms). One patient with a colon metastasis to the body of C-3 was treated with a transoral C2-4 fusion with an iliac crest strut graft. The presenting symptoms and neurological signs of the 53 patients are outlined in Tables 2 and 3 . All patients complained of dysesthesias, weakness of the arms and/or legs, and incoordination. Neck pain and voice changes were frequent complaints. Numbness (in variable patterns and distributions) was also frequently described, particularly among patients with rheumatoid arthritis. On examination, all patients had a decreased range of head and neck motion, ataxia with spasticity, and increased tone in the lower extremities. Motor weakness was a common finding in both the upper and lower extremities, and muscle atrophy, particularly of the distal upper extremities, was frequently encountered. All patients were treated via the transoral approach for resection of their extradural compressive pathology. Fifteen patients were operated on while in a halo-vest immobilization device. No patient required tracheostomy, either to increase operative exposure or to treat postoperative respiratory compromise.
Of 53 patients, three had postoperative complications ( Table 4) . The first patient, a 64-year-old man with basilar invagination from rheumatoid arthritis, had two unrelated complications. The superior aspect of his pharyngeal incision dehisced, requiring reexploration and closure. No infection was noted. Two weeks after the second procedure, he returned to the hospital with signs of acute neurological deterioration. Radiographic studies revealed what appeared to be vertical occipitoatlantal subluxation, with vertebral artery occlusion and a brain-stem stroke. The patient was improving neurologically on the rehabilitation ward in a halo vest when he died from severe pneumonitis and respiratory compromise 9 weeks after his initial surgery.
The second patient, a 57-year-old man with a chronic Type II odontoid fracture, developed a postoperative wound dehiscence with infection. He underwent reoperation twice for debridement and evacuation of granulation tissue which appeared on magnetic resonance (MR) images to be causing increasing mass effect. There was no CSF leak; he healed well after the second reoperation and 6 weeks of antibiotic therapy. He later required a posterior wiring and fusion procedure; at follow-up examination 20 months postoperatively, he had made an excellent recovery. The third complication occurred in an 84-year-old man in whom a large chondroma was compressing the brain stem at the cervicomedullary junction. This mass was decompressed at surgery. A CSF leak occurred due to a dural rent, and a lumbar drain was inserted postoperatively. The wound continued to leak CSF, and there was a dehiscence of the upper portion of the incision. He required reoperation, during which a fascia patch was applied to the dura with fibrin-thrombin glue. The CSF hypotension was continued for 96 hours postoperatively. There was no further evidence of leak or infection; he has made an unremarkable recovery in the 15 months since surgery.
Three patients had a CSF leak at the time of surgery; all were treated with postoperative lumbar drainage. In one patient the leak at surgery was small and required no treatment other than postoperative CSF drainagehypotension. The second patient was the 84-year-old man described above who required a second operative procedure. The third patient had a dural rent and a CSF leak at the initial operative decompression, at which time he was treated with a fascia patch and fibrinthrombin glue with good results.
Five patients underwent additional surgery to correct fully their craniovertebral junction abnormalities. Two patients (one with a congenital anomaly and one with a metastatic neoplasm) required posterior decompression of C-1 with occiput-to-C2 wiring and fusion. Two patients required posterior C 1-2 wiring and fusion for C 1-2 instability, and the final patient underwent lateral wiring and fusion of the occiput through C-4 using a bent, fashioned, threaded Steiman pin. In the latter patient, the lower lateral fusion was required because she had previously undergone C1-3 decompressive laminectomies for the treatment of Chiari malformation.
Although there were no operative deaths in this series, three patients eventually died (Table 4 ). The patient who died 9 weeks postoperatively has been described above. The second died from a massive pulmonary embolus 6 weeks after a posterior decompression-fusion procedure for metastatic breast carcinoma (12 weeks after the transoral procedure), and the third died from a pulmonary embolus 2 weeks after a posterior fusion procedure (7 weeks after the transoral procedure).
The 50 surviving patients have shown improvement (45 cases) or stabilization (five cases) of their preoperative neurological deficits at a median follow-up time of 24 months. Two patients were lost to follow-up evaluation at 8 and 10 months, respectively. All patients experienced improvement in their preoperative symptoms, in particular with regard to elimination of their dysesthesia and numbness, improvement in strength and coordination, and nearly complete resolution of voice and swallowing difficulties.
Three patients bad evidence of instability on postoperative dynamic flexion and extension radiographs. Despite the lack of preoperative evidence of subluxation, these three patients were treated with posterior stabilization procedures. All other patients but one (the patient with vertical subluxation described above) were without evidence of instability at last evaluation. The two surviving patients with metastatic neoplasm involving C-2 and C-3 underwent postoperative radiation therapy (including the patient with the C2-4 strut graft), as did the four patients with extradural chordomas of the inferior clivus. Only one patient with a chordoma has demonstrated significant tumor recurrence on serial follow-up radiographic studies. He underwent reoperation for additional tumor debulking via a subtemporal approach 14 months after the transoral procedure.
Discussion
The transoral operative approach is not a new surgical procedure. In 1917, KanaveP 3 reported removing a bullet fragment from the anterior arch of C-1 via this route. The patient he described is remarkably similar to the young man with an extradural C1-2 bullet injury whom we treated. Since Kanavel's early report, the approach has been employed in the treatment of both extradural and intradural pathology, including posterior pharyngeal abscesses, tuberculomas, odontoid dislocations, congenital skull-base neoplasms, basilar invagination due to rheumatoid arthritis, metastatic neoplasms, osteomas, chordomas, sarcomas, schwannomas, aneurysms, arteriovenous malformations, and epidermoid tumors. [1] [2] [3] [4] [6] [7] [8] 11, 12, 14, 15, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] The acceptance and application of this approach have been somewhat limited due to high perioperative morbidity and mortality rates among treated patients. The majority of surgeons perform these transoral procedures only after tracheostomy; they split the hard and soft palates (occasionally even the tongue and mandible) to obtain adequate operative exposure. These adjunctive maneuvers add significantly to postoperative morbidity. When performed for intradural pathology, the transoral approach has been associated with a high mortality rate as a result of persistent CSF fistulae, meningitis, and abscess formation, which occur when the dura mater cannot be closed effectively.3'~' ~ ~ 2 t,22,> Recent refinements in microneurosurgical skills and advances in retraction techniques, operative magnification, and illumination, intraoperative radiography, dural closure techniques, and neuroelectrophysiological monitoring have dramatically improved patient outcome following transoral operative procedures. 41L.~S.21 2~
Retraction Techniques
The routine use of a flexible oral endotracheal tube secured caudally by the McGarver three-ring retractor in combination with the use of red-rubber catheters to retract the uvula and soft palate superiorly is the single most important surgical adjunct in the elimination of perioperative morbidity among patients who undergo transoral procedures) 'N2~22 This combination of retraction techniques, together with the use of the operating microscope, provided a wide operative exposure of the posterior pharyngeal wall and obviated the need to perform a tracheostomy (and also eliminated the necessity to split the mandible, tongue, and/or soft palate) in the 53 patients in our series. Postoperatively, the endotracheal tube is left in place for at least 24 hours to avoid potential respiratory compromise from glottic swelling. Patients are monitored in the intensive care unit for an additional 24 hours after extubation. A tracheostomy tray is maintained at the bedside following removal of the endotracheal tube as a precautionary measure should respiratory compromise occur. There were no airway complications in this series.
Intraoperative Magnification
The Wild or Zeiss operating microscope with a 300-mm lens provides superior optics and magnification.w With the microscope attached to a mobile Contraves stand, the use of microcurettes and the high-speed drill is made easy. We use the Midas Rex pneumatic drill with several different drill bits. This instrument, in combination with intraoperative magnification and illumination, allows a wide, safe, and complete bone decompression. The depth and width of dissection can be controlled precisely. The longitudinal fibers of the posterior longitudinal ligament are readily identified in most cases and can be resected, preserving the integrity of the underlying dura mater.
The integrity of the dura mater remains an obstacle and a challenge for the successful outcome of a transoral surgical procedure. >~ 1.14.16.21.26 By using the operating microscope and microneurosurgical techniques, we were able to keep the dura intact in 50 of our 53 patients. The use of CSF lumbar drainage and complex dural closure and/or patch-graft techniques has demw microscopes manufactured by Wild-Leitz, Rockleigh, New Jersey, and Zeiss, Thornwood, New York. onstrated promise in the treatment of patients in whom the dura mater has been violated. The avoidance of an early CSF fistula (and meningitis) is essential if these patients are to have a successful result. We have found that a small pinhole rent in the dura will usually heal with postoperative CSF hypotension via lumbar drainage. Larger rents require a fascia patch and CSF hypotension. We have been impressed with the effectiveness of fibrin glue for dura patch grafts, both clinically and in the laboratory. 9~6' 2~
Intraoperative Radiography
The use of intraoperative anteroposterior and lateral conventional radiographs (or fluoroscopy) with or without positive-contrast dye is an important surgical adjunct for the transoral-transclival operative procedure) 1,14,2o-23 The initial cross-table lateral radiograph both confirms the location of the anterior arch of the atlas and demonstrates the extent of head and neck extension. Frequently, the pathology being treated will have markedly distorted the normal C 1-2 alignment/ orientation, which can be confusing without intraoperative reassessment. The depth, width, and rostral and caudal extents of the decompression can be documented at the time of surgery. The use of positivecontrast dye in the resection cavity can identify persistent compressive pathology and facilitates a more complete and thorough decompression of the brain stem or rostral spinal cord structures (Fig. 3) .
Neurophysiological Monitoring
The transoral operation is a high-risk surgical procedure when treating patients with significant brain-stem or spinal cord compression. Any further compromise, even if transient, has the potential to exacerbate the patient's neurological deficits. Intraoperative neurophysiological monitoring with evoked somatosensory and brain-stem auditory potentials has been helpful in the operative treatment of the 53 patients in this series. Experience has demonstrated the predictive value of these studies in instances of potential brain-stem or spinal cord injury and their correlation between observed intraoperative responses and clinical outcome?' 1.14.18.21.23
Radiographic Assessment
The issue of which patients should be treated via the transoral approach is complex. The precise location of the craniocervical pathology and the mechanism(s) of brain-stem or spinal cord compression are the influencing factors that determine which specific surgical approach should be utilized in a given patient. ~'2't 1, 15,21.22,25 In general, ventral craniovertebral junction pathology should be approached anteriorly; dorsal pathology is best treated from a posterior approach. A number of patients, particularly those with basilar invagination due to congenital skull base C1-2 anomalies, will require a combination of surgical procedures to remove offending ventral pathology and to provide posterior fusion and stabilization (and to remove dorsal compressive pathology if present).l~'~5'2~'25 The decision regarding which surgical approach to employ is based on a battery of preoperative radiographic studies that include plain roentgenograms of the skull base and spine (including dynamic flexion and extension views), computerized tomography (CT), water-soluble contrast myelography with CT, and more recently MR imaging. Several patients with complex skull base deformities have been evaluated with three-dimensional CT to help in better delineating the precise nature of their bone anatomyJ ~ Magnetic resonance imaging performed in both flexion and extension clearly depicts the anatomy and mechanism(s) of cervicomedullary junction compression and has become the single most valuable radiological diagnostic study in the evaluation of these patients. Flexion and extension studies will indicate the presence or absence of reducible ventral cervicomedullaryjunction compression."2~. 25 Occasionally, head and neck extension will markedly reduce the degree of ventral brain-stem compression, suggesting that the patient may be a candidate for a posterior fusion procedure only.
The postoperative radiographic assessment of these patients is important. All patients are routinely reevaluated by x-ray studies after the transoral procedure, irrespective of findings on their preoperative films. Dynamic flexion and extension radiographs can identify delayed instability after the transoral decompression. The finding was made in three of our patients in whom no evidence of instability was present preoperatively. If instability is documented, a stabilization and fusion procedure should be performed. The single patient in this series with a postoperative complication due to vertical subluxation had no evidence of C1-2 lateral subluxation on postoperative x-ray examination. When he presented with a brain-stem stroke, it appeared that there was vertical subluxation of C1-2, resulting in vertebral artery thrombosis. It remains unclear how this complication could have been anticipated and prevented.
Conclusions
The transoral operative approach is a safe, efficacious approach for the treatment of selected patients with compressive pathology of the ventral brain stem or superior cervical cord. The approach may be utilized to decompress the ventral brain stem or proximal cervical cord and may be employed to perform anterior strut fusion procedures if necessary. Patients must be selected judiciously and a detailed radiological battery is advised preoperatively to define fully the extent of compression, reducibility, and instability present in an individual patient. Use of contemporary retraction, magnification, monitoring, dural closure techniques, and postoperative radiographic assessment can limit perioperative complications and provide good long-term results in treated patients.
